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Abstract 
This paper presents an intensive survey of literature focused on the different aspects of fracking as related to the environment, 
economy, energy security and sustainability and establishes an understanding of the economic benefits and negative impacts of 
fracking on the environmental sustainability. The paper is also suggesting the use of all of those implications in a more 
comprehensive framework that can identify the real cost and benefit in fracking such as the Life Cycle Costing which can use all 
these implications along with others that occur across all the phases of the fracking process to come up with the real value and 
worth of the fracking process. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the International Conference on Sustainable Design, Engineering 
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1. Introduction and Background 
The United States (US) is the world’s second largest energy consumer with primary energy consumption of 19% 
of the total world primary energy consumption [1]. The US is also considered the world’s second biggest energy 
producer with a 14.7% of the total world primary energy production. Fossil fuel has been the dominant energy 
source in the world over the past century. In the US, 82% of primary energy consumption is from fossil fuels (36% 
petroleum, 26% natural gas, 20% coal) [2]. 
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The US consumes (7.7 quadrillion Btu) more energy than it produces (6.6 quadrillion Btu) and makes up the 
difference through the import of fossil fuel [3]. This current situation is considered by many to be a national security 
issue since the US is partially dependent on imported fossil fuel. Some of the attempts at energy independence 
include the Energy Independence and Security Act in 2007 [4; 5] and the 2008 “All Electricity from Renewable 
Sources” (AERS) initiative that was supported by the Center for Resource Resolution and President Barak Obama 
which pushes the US towards producing all electricity from renewable sources [6]. 
Approaches to energy independence are branched in three major directions. First, is increasing production from 
renewable energy sources (e.g. solar, hydro, wind). Second, is the reduction of the U.S. energy consumption, 
specifically in the transportation sector which consumes about 71% of the petroleum fossil fuels [2]. Third, is 
tapping more non-renewable resources such as the oil boom in North Dakota and the shale gas rush in the East Coast 
[7]. The last option is a natural step for the oil and gas industry rather than switching gears for renewable energy 
solutions.  
Tapping more fossil resources, specifically shale gas, has been facilitated with the advancement of the hydraulic 
fracturing process which is commercially known as “fracking” which was experimentally introduced to limestone 
deposits in 1947 [8]. Fracking is a process where a highly pressurized mixture of water and chemicals are injected 
into deep rock to create fissures and fractures in order to extract natural gas from deep shale or Coal Bed Methane 
(CBM) deposits. This process combined with horizontal and directional drilling allows far more access to the gas 
located in shale rocks at a depth of 2000-5000 feet underground or more [7]. Due to the evolution of the fracking 
process along with the large reserves of shale gas discovered (e.g. Marcellus Shale and Utica Shale formations) [9; 
10], crude output has reached the highest level since 1989 with 7.745 million barrels a day by September 6th 2013 
[11] and shale gas production increased from 1,293 billion cubic feet in 2007 to 7,994 billion cubic feet in 2011[2]. 
While tapping shale gas is being used to address the energy independence issue, it creates several issues that 
require consideration. These include energy stability, the economic effect of fracking, and environmental 
sustainability. This paper explains the different impacts and implications of fracking with respect to the economy, 
energy stability, and environmental sustainability assessment. Techniques/Tools for further evaluation of the 
fracking process are proposed and directions of future research are provided. 
2. The Economic and Environmental Sustainability Implications of Fracking 
The main aspects of the fracking process during its various life cycle stages are its economic and energy stability 
benefits and the threats to environmental sustainability. These main implications of fracking can be identified as 
shown in Figure 1. Figure 1 identifies many benefits from the fracking process: economic benefits of lower fuel 
prices, creating jobs and improving employment rates, and growth of domestic business. These benefits along with 
national security and all its implications represent the economic gains of the fracking process. On the other hand, the 
drawbacks of the fracking process due to the threat that it poses to environmental sustainability is significant. This 
occurs through many environmental factors including: extreme water consumption, infrastructure deterioration, 
increased carbon footprint, emissions from VOCs, contamination of water resources, and seismic effects. 
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Fig. 1. The main Economic and Environmental Implications of Fracking 
 
 
Since the fracking process provides both benefits and threats, its feasibility is an outstanding topic of argument 
between its economic and energy stability benefits against its environmental sustainability threats. For this reason, an 
unbiased in-depth literature review is needed and an evaluation tool should be recommended. The following sections 
of this paper provide supporting evidence from the literature and discuss both the economic and environmental 
impacts of the fracking process. 
2.1. Economic Impacts 
There is no doubt that the fracking process increased the accessibility to reserves of natural gas and oil which in 
turn has an impact on the U.S. economy. The positive economic impacts are represented in lower energy and fuel 
prices, higher employment rates, and domestic business growth. The number of employees in the extraction process 
alone has increased by 67% from 2003 to 2012 [12]. In 2011, an extensive HIS Global Insight study sponsored by 
America’s Natural Gas Alliance focused on the economic and employment inputs for the shale gas industry in the 
US concluded that the shale gas industry supported 600,000 jobs in 2010 which was distributed between the 
different sectors (45% Agriculture, 10-14% for each of Trade, Manufacturing, Construction, Mining, 7% 
Transportation & Utilities & 1% for each of Government & Services) and is expected to increase to 870,000 jobs in 
2015 and more than 1.6 million jobs by 2035 [13]. That same study estimated the total added value of shale gas to 
the GDP was $76 billion in 2010 and projected to be $118 billion by 2015 and more than $231 billion by 2035. 
Another study that included Colorado, Wyoming, and Texas concluded that for each $1 million in gas production, 
there are 2.35 local jobs created [14]. Nationwide, the aforementioned benefits along with projected decreasing 
energy prices for fuel and electricity can definitely improve the domestic economy and local business growth. 
On the state level, a study by the Center for Energy Policy and the Environment at the Manhattan Institute studied 
the economic contributions of shale development for the state of New York. The study estimated over $11.4 billion 
in GDP along with $1.4 billion in tax revenue and 75,000 to 90,000 job creation opportunities in the case of full 
accessibility of the shale sites in New York including the Marcellus and Utica shale sites [15]. Another state level 
study in West Virginia found that due to fracking advancements, in 2009 the state collected $65.9 million in state 
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revenue taxes from the natural gas industry alone and a total of $88.4 million in property taxes from the oil and gas 
industry. It also concluded that the shale development in West Virginia impacted the state economy by adding $2.35 
billion of business volume and generated about 76,000 jobs [16]. 
Although natural gas supports about 25% of the U.S energy supply currently, the industry claims to have the 
ability to provide up to 50% of the energy supply by 2035 [17]. Along with all of these economic benefits and the 
predictions for future economic growth due to the fracking technological advances, there is still another side of the 
argument that questions the economic impact of the fracking industry. This argument questions the economic 
stability of the industry and the estimates of the future economic benefits and questions whether it is worthy of the 
environmental risks and its associated costs. The arguments have a lot of different bases, one of them is the fact that 
the production at wells can drop off by as much as 60-90% within the first year which will make it hard to sustain 
the production and the stability of that energy source [18]. Another issue is that most existing studies are industry-
funded and report inflated estimates of reserves and projections along with the fact that the current and projected 
consumption rates will make the shale gas source last for only 23 years [19]. Another paper explored the job creation 
and development in shale gas drilling communities and found, as an example, that the economic growth in four core 
gas drilling counties in Texas was between 10% – 16% compared to 21.2% for the whole state of Texas [20]. 
2.2. Environmental Sustainability Impacts  
In contrast to the economic benefits, there are numerous negative impacts on environmental sustainability due to 
the fracking process. These negative impacts include: excessive water consumption, deterioration from overloading 
infrastructure, increased carbon footprint, VOC emissions, possibility of water contamination, and seismic effects of 
fracking. 
2.2.1. Excessive Water Consumption 
An average fractured well will consume an average of 6 million gallons of pressurized water along with very 
large volumes of chemicals, sand, and other materials to keep the fissures of the well open for extraction [21]. 
According to a 2011 Environmental Protection Agency (EPA) study, approximately 35,000 fractured wells across 
the U.S required an estimated 70 to 140 billion gallons of water each year which is equivalent to the total amount of 
water used annually to support 40 to 80 cities with a population of 50,000 or about 1 to 2 cities of 2.5 million people 
[22]. Considering that the most valuable and vast majority of the shale gas is located within the east coast where 
coastal communities can lose up to 50 percent more of their fresh water supplies than previously thought, according 
to a study from Ohio State University and other studies that note that the coastal cities also have a higher risk of 
inundation or increased erosion from sea level rise, it is paramount to pay attention to the water consumption issue in 
such cities [23; 24]. The real problem is not just the consumption of water; it is the geographical locations of the 
wells and whether they are threatening drinking water resources. In July 2012, when a record heat and drought 
struck the mid-Atlantic region, the Susquehanna River Basin suspended 64 water withdrawal permits, the majority of 
which were for in-state Marcellus shale gas drillers [25]. 
2.2.2. Infrastructure Use 
One underestimated aspect of the fracking process is its effect on infrastructure. The fracking process consumes 
vast amounts of water, chemicals, and other liquids which are hauled from their sources to the drilling sites by a 
large number of tanker fleets along with other fleets for carrying other components to the drilling site. These heavy 
truck fleets put a large amount of miles and deterioration on road and bridge infrastructure and consequently have to 
be calculated and accounted for in the fracking process evaluation. The Texas Department of Transportation 
(TXDOT) has reported a preliminary estimate of $2 billion dollars in damage to farm-to-market and local Texas 
roads by drilling activity not including the costs of maintaining interstate and state highways [26]. TXDOT also 
estimated that 1,200 loaded trucks are needed to bring one gas well into production, which is a traffic equivalent of 
about 8 million cars. In New York, the impacts on the transportation infrastructure were preliminary estimated at 
$0.4 billion dollars [27]. This road, bridge, and railway deterioration along with other infrastructure services such as 
the increased presence of emergency services and law enforcement to account for the industrial accidents that comes 
along with the drilling process need to be taken into consideration when evaluating the fracking process. 
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2.2.3. Carbon Footprint, VOCs and Emissions 
Natural gas is often portrayed as a clean energy source that has a smaller carbon footprint and emissions, but that 
may not be the case. Natural gas is mainly composed of methane which is more potent than carbon dioxide and has a 
great probability to escape to the atmosphere during the fracking process. In 2012, the National Oceanic and 
Atmospheric Administration (NOAA) and the University of Colorado, Boulder conducted a study on the Denver-
Julesburg basin where it was found that natural gas producers are losing an average of 4% of the gas to atmosphere 
[28]. Another very intriguing study focused on the fractured-obtained shale gas’s greenhouse gas (GHG) footprint 
and found that it was more than that produced by conventional fuels represented in conventional gas, coal and diesel 
oil over a 20 and a 100 year time frame [21]. 
According to EPA records, the fractured concentrated drilling areas in Wyoming have recoded an ozone level of 
124 parts per billion (ppb) which is more than twice the EPA’s maximum healthy limit of 75 ppb and more than the 
worst day in Los Angeles of 114 ppb [29]. Other fractured drilling violations of the 2008 EPA ground level ozone 
included Bakersfield, California; Jamestown, New York; multicounty regions around Denver, Dallas, Fort Worth, 
Pittsburgh, Columbus, and Cleveland; and three counties in southwestern Wyoming [30]. Although shale gas might 
replace more carbon-intensive fuels, the methane emissions might counteract these benefits and might make it even 
worse [31]. 
2.2.4. Water Resource Contamination 
Water resource contamination has been one of the most debated issues between the public and the oil and gas 
industry. Main causes of water contamination can be attributed to unlined and leaky storage pits of fracturing 
backflow liquids, faulty well cementing, and the possible connection of deep fractures with surface water. Howarth, 
et. al [32] attributed most of the water contamination in the fracking process to three main reasons: (1) accidental 
blowouts, (2) surface spills from storage facilities, and (3) improper disposal of fracking fluids. The industry debates 
this issue. However, there have been several cases reported of actual contamination specifically on the east coast of 
the US. A study that analyzed samples from over 60 private drinking water wells found methane in 51 of those 
overlying the Marcellus Shale in northeastern Pennsylvania and the Utica Shale in upstate New York in which the 
research team attributed the contamination to faulty cementing [33]. Many other cases have been documented for 
different infractions due to the fracking process which led to contamination of several water resources such as the 
tributaries of the Ohio River coming from Pennsylvania and New York [32]. Other cases have been also reported in 
Pennsylvania, West Virginia, Texas, Colorado, and British Colombia in Canada [34; 35]. 
2.2.5. Seismic Effects 
The seismic effects from the fracking process are difficult to quantify because the probability and consequences 
vary drastically and because of the lack of sufficient data and research on this subject. However, several studies have 
related significant seismic activity to the fracking process in drilled wells including a study by the Colorado School 
of Mines which related seismic activities to the pore fluid change and subsurface stresses around ground faults 
during the fracking process [36; 37].  There have been several incidents where seismic activity was caused by the 
different aspects of the fracking process, specifically underground injection by or through a fault such as in Fort 
Worth, Dallas, Ohio, Oklahoma, and Britain [38; 39; 40; 41; 42; 43; 44]. Estimating seismic effects is still in its 
infant stage. 
 
3. Evaluation Recommendation 
It is evident that the fracking process has several positive and negative impacts and implications which beg the 
question of a fair evaluating process using the right tool. Currently, there are few assessment tools that were mostly 
directed towards the environmental impact of the fracking process or towards the fracking impacts on a specific 
geographical location. Among these tools is spatial analysis of environmental impacts [45] and the integrated 
assessment of fracking in Michigan, USA [46]. A recommended evaluation tool that can use the aforementioned 
impacts and implications in a more holistic approach is the Life Cycle Costing (LCC). LCC can be defined briefly as 
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an economic assessment of a process that considers all significant costs of ownership over its economic life 
expressed in terms of equivalent dollars [47]. 
LCC can be used for evaluating the fracking process during all of its life cycle phases taking into account the 
aforementioned economic gains and environmental impacts, along with all of the other factors and costs to come up 
with a net value of the fracking process. One of the challenges is to find cost estimates for certain environmental 
issues such as the seismic effects. Hopefully, the awaited 2014 EPA report studying hydraulic fracturing and its 
potential impact on drinking water resources can answer some questions or provide more data for better evaluation 
[48; 49]. 
4. Conclusion and Recommendation 
Review of existing literature has shed light on the different impacts and implications of the fracking process 
which provides several opportunities for future research. An LCC analysis of the fracking process will require 
extensive multidisciplinary efforts to cover all the economic and environmental aspects identified in this framework. 
The disciplines required for an LCC study should include, but are not limited to, engineering and construction, oil 
and gas industry, environmental engineering, economy, ecology, geology, computer engineering, and atmospheric 
science.  
Also, additional detailed case studies that can address different fracking sites around the U.S. will be helpful to 
provide more representative samples of the process. These case studies can compare the different fracking sites in 
terms of similarities and differences and their environmental and economic influences throughout the different 
regions including those that have oil and gas industry booms like the East Coast, South Dakota, Texas, Wyoming, 
etc. Additional research should include the prediction of water consumption by the fracking process and its impact 
on drinking water supplies. A geographical and precipitation analysis will be very helpful to address this aspect of 
the fracking process with the help of scientists in the atmospheric science discipline. 
Oil and shale gas fracking is increasing, yet major decisions about the process validity have not yet been made. 
The development of more innovative ways to limit the environmental damages of the fracking process should be on 
the priority list of the construction and engineering community’s research agendas. Finally, an international 
assessment of fracking would be very useful in addressing the opportunities and threats of the fracking process. 
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